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(S) Liquid crystal display driver circuitry. 

@ In a driving device of an active matrix type 
Ik^ukJ crystal display unit including a liquid 
crystal display panel, a scan driver (7), and a 
data driver (8). a data voltage controlling ap- 
paratus is provided to achieve digital multiple 
gray-scale levels with litUe flickering. The data 
voltage controlling apparatus supplies the data 
driver (8) with a combination of two different 
voltages selected from a plurality of predeter- 
mined digital data voltages (V, to V4). The conv 
bination of two different data voltages are, for 
example, a combination of different wavefonms. 
a combination of negative level and positive 
level, and a combination of two different vol- 
tages having at least a voltage difference. Furth- 
er, a diviston of T-V characteristics and an 
exchange of data voltages are canried out to 
reduce the flickering. 
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The present invention relates to liquid crystal display driver circuitry for use, for example, in controlling the 
data voltages of an active matrix liquid crystal display unit used in flat display panels, thereby to provide digital 
multiple gray-scale levels. 

In recent years, infonration terminals such as personal computers and word processors have become 

5 small in size, high in performance, and capable of many functions, and many compact information processors 
of desktop type, laptop type, and even smaller notebook type and palmtop type are now marketed. 

To reduce the size and weight of these infonmation terminals, light-weight and thin display units are 
required. For this purpose, liquid crystal display units are frequently employed in place of cathode ray tubes 
(CRTs), which are usually employed for desktop infomration terminals. The liquid crystal display units include 

10 simple matrix liquid crystal display units such as TN (Twisted Nematic) display units and STN (Super Twisted 
Nematic) display units. Compared with these simple matrix display units, active matrix liquid crystal display units 
such as TFT (Thin Film Transistor) and MIM (Metal Insulator Metal) display units are frequently used for dis- 
playing high quality color images with multiple gray-scale levels, because the active matrix display units are 
capable of precisely controlling intermediate gray-scale levels, ensuring high contrast ratios, and providing a 

15 high response speed, compared with the simple matrix display units. 

For the active matrix liquid crystal display units, presently available digital driver ICs for selecting voltage 
levels for assigning gray-scale levels can handle only eight gray-scale levels. Even driver ICs presently being 
developed can operate only up to 16 gray-scale levels. To provide higher numbers of gray-scale levels, (i.e. 
more than 16). it has heretofore been necessary to employ expensive analog drivers to drive data, making It 

20 difficult to reduce the cost of liquid crystal display units. 

Various proposals have been made to increase the number of gray-scale levels with proper use of digital 
driver ICs. In one such proposal, a driver having a capacity of eight gray-scale levels is employed, and firstly, 
groups each involving one or more of the eight power source voltages are prepared and temporary switched 
from one to another and combined together, to realize a number of gray-scale levels greater than the number 

25 of the power sources. 

In this case, if a difference between voltages that are combined together is extremely large, transmissivity- 
(based on an average of the combined voltages)may deviate from a required value, or a gray-scale level may 
be swapped with another one, resulting in deterioration of the quality of the gray-scale level definition. 

It is desirable.therefore. to provide an inexpensive digital data driver that can con-ectly provide multiple 
30 gray-scale levels. 

Conventional active matrix liquid crystal display units that achieve good display quality include those 
employing TFTs. 

The TFT display units employ many thin film transistors and pixel capacitance between two electrode layers 
to fonm a liquid crystal panel, and a display voltage is written in a selected capacitance through a corresponding 
35 thin film transistor . 

Brightness of the pixel depends on the written voltage. For example, "n" write voltages may be made avail- 
able to provide 'n" gray-scale levels. 

The n write voltages may be generated as follows; 

(1 ) A predetenmined constant voltage is amplified through an operational amplifier whose amplification fac- 
40 tor is variable in multiple steps (in this case, n steps). (This will be referred to as the first generation method.) 

(2) Two constant voltages are divided by resistances into n voltages, of of which is selected by a switching 
elenr^enL (This will be referred to as the second generation method.) 

Since the first generation method amplifies the predetermined constant voltage through the operational 
amplifier, it has the problem that a minimum variable width of the amplification factor is determined by the accu- 
45 racy of the operational amplifier. 

Since the second generation method selects one of the two constant voltages through the switching ele- 
ment it has the problem that the number of the voltage dividing resistances and switching elements must be 
increased to expand a circuit scale. 

Thus, neither one of the above methods can easily increase the number (n) of generated voltages, and 
50 therefore, those methods cannot further increase the number of gray-scale levels. 

According to a development in GUI (Graphic User Interface) in recent years, requirements for multiple col- 
ors in computer displays have escalated from conventional eight or 1 6 colors to 4096 colors with 1 6 gray-scale 
levels, or over 260,000 colors with 64 gray-scale levels. At present, however, about 512 colors with 8 gray-scale 
levels Is the maximum, for the reasons mentioned above. This is completely insufficient to meet the above 
55 requirements for multiple colors. 

It is desirable to provide an apparatus for controlling data voltage of liquid crystal display unit that can realize 
a nrujltiple gray-scale level display of high quality without significantly increasing circuit scale. 

An embodiment of the present invention can provide an apparatus for controlling data voltage of a liquid 
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crystal display unit having a liquid crystal display panel, scan driver, and data driver to display an image of one 
franne composed of a plurality of fields is composed of a timing signal generating means for generating at least 
timing signals for the scan driver and the data driver, and a timing signal for switching each field; a data voltage 
selecting signal generating means for generating a data voltage selecting signal by which data voltages applied 

5 on liquid crystal elements becomes different for each field in accordance with an input data signal and outputting 
the same to the data driver; and a voltage applying means for generating more data voltage levels than the 
number of fields of one frame, to apply different data voltage levels for each of the field in accordance with the 
data voltage selecting signal and outputting the same to the data driver and a common electrode provided in 
the liquid crystal display panel. And the data driver Is selectively applying a data voltage among the applied 

10 voltage levels to the liquid crystal element in accordance with the data voltage selecting signal, thereby assign- 
ing a gray-scale level according to a mean effective voltage of the voltage levels applied to each of the fields 
of the one frame. 

In this way, an embodiment of the present invention provides a gray-scale level according to a mean effec- 
tive voltage of voltage levels applied to fields of one frame. This technique can provide multiple gray-scale levels 
15 without significantly increasing circuit scale. 

An embodiment of the invention changes the combination and/or phase of voltage levels applied to adjacent 
pixels, to suppress flickering. A further embodiment can increase a scan frequency according to the number 
of fields in a frame, to further suppress flickering. 

In addition, an embodiment of the invention can restrict a voltage difference applied to each frame below 
20 a predetenmined value, to reduce flickering between a plurality of cells. 

An embodiment of the invention can substantially equalise averages of combinations of voltage levels set 
for a plurality of fields, thereby suppressing differences In the combined voltages, and securing the quality of 
a gray-scale level assignment. 

Reference will now be made, by way of example, to the accompanying drawings, in which: 
25 Fig. 1 is a block diagram showing part of a display device including circuitry according to a first embodiment 

of the present invention; 

Fig. 2 is a schematic circuit diagram showing a detailed construction of a liquid crystal panel shown in Fig. 
1; 

Fig. 3 is a block diagram showing a detailed construction of a first field frame memory shown in Fig. 1; 
30 Figs. 4A and 4B are timing diagrams illustrating operation of the first field frame memory of Fig. 3; 

Fig. 5 is a view showing transmissivity-voltage (T-V) characteristics of liquid crystal; 
Fig. 6 is a schematic timing diagram illustrating double speed scanning of first and second field frame 
memories shown in Fig. 1 ; 

Figs. 7A to 70 are diagrams showing driving wavefonms of a liquid crystal cell in the first embodiment; 
35 Figs. 8A and 8B are diagrams showing examples of driving wavefonms in the first embodiment; 

Figs. 9A and 9B are diagrams corresponding to Figs. 8A and 8B but in which the combination of the voltage 
levels is changed from that of Figs. 8A and 8B; 

Figs. 1 0A and 10B are diagrams corresponding to Figs. 8A and 88 but in which the phases of the voltagel- 

levels are changed from those of Figs. 8A and 8B; 
40 Figs. 11 A and 1 1 B are diagranrw con-esponding to Figs. 8A and 8B but in which the combination and phase 

of the voltage levels are changed from those of Figs. 8A and 8B; 

Figs. 12A to 12F are explanatory views relating to Figs. 8A and 8B; 

Figs. 13A to 13F are explanatory views relating to Figs. 9A and 9B; 

Figs. 14A to 14F are explanatory views relating to Fig:. 10A and 10B; 
45 Figs. 15A to 15F are explanatory views relating to Figs. 11 A and 11B; 

Fig. 16 is a block diagram showing a display device including circuitry according to a second embodiment 

of the present invention; 

Figs. 17A to 17D are views showing driving waveforms of a liquid crystal cell in the second embodiment 
Fig. 18 is a diagram showing an example of a driving wavefonm in the second embodiment; 
50 Fig. 19 is a diagram showing a comparative example of a driving wavefonm in the second embodiment; 

Fig. 20 is a block diagram showing a display device including circuitry according to a third embodiment of 
the present invention; 

Fig. 21A is a graph and Fig. 21B is a table illustrating characteristics of an assignment of 64 gray-scale 
levels; 

55 Fig. 22 is a block circuit diagram showing a digital data driver capable of providing eight gray-scale levels; 

Fig. 23 is a graph showing a T-V characteristic for illustrating causes of deviations in gray-scale levels; 
Fig. 24 is a graph illustrating a brightness/gray-scale level characteristic for explaining swapping of deviated 
gray-scale levels; 
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Fig. 25 is table corresponding to Fig. 24; 

Fig. 26 is a table showing a conversion table of display data; 

Fig. 27 is a diagram illustrating examples of driving wavefonns in the third embodiment; 

Fig. 28 is a block diagram showing a display device including circuitry according to a fourth embodiment 

of the present invention; 

Fig. 29 is a diagram showing examples of driving wavefonns in the fourth embodiment; 

Figs. 30 is a block diagram showing a display device including circuitry according to a fifth embodiment of 

the present invention; 

Fig. 31 is a graph showing T-V characteristics for explaining a division of data voltage range; 

Fig. 32A is a graph and Fig. 32B is a table for illustrating characteristics of assigning 64 gray-scale levels; 

Fig. 33 is a graph illustrating the transmissivity-voltage characteristics of liquid crystal; 

Fig. 34 is a table showing gray-scale levels and the combinations of digital inputs; 

Fig. 36 is a diagram showing an example of a driving wavefonm in the fifth embodiment; 

Figs. 36A to 39B are diagrams showing further examples of driving waveforms in the fifth embodiment; 

Fig. 40 is a block diagram showing a display device including circuitry according to a sixth embodiment of 

the present invention; 

Fig. 41 is a diagram showing an example of a driving wavefomi in the sixth embodiment 

Fig. 42 is a block diagram showing a display device including circuitry according to a seventh embodiment 

of the present invention; 

Fig. 43 is a table showing a conversion table of a data conversion circuit; 

Fig. 44 is a table showing a relationship between input data (a gray-scale level), selected power source 
voltages (for first and second fields), and a mean output voltage; 

Fig. 45 is a table showing combinations of voltages for 16 gray-scale levels, mean voltages, and voltage 
differences; 

Fig. 46 is a view showing examples of combinations of a first and second field voltages; 

Fig. 47 shows timing diagrams illustrating a flickering phenomena according to a field voltage modulation 

method (with no double scanning); 

Fig. 48 is an explanatory diagram showing a relationship between a voltage difference (VF1 - VF2) and 
flickering; 

Fig. 49A is a view showing examples of voltage wavefonns between adjacent cells and Figs. 49B to 49F 
are timing diagrams illustrating response wavefonns of the cells; 

Figs. 50 to 52 are diagrams showing further examples of voltage wavefonns between adjacent cells; 
Fig. 53 is a block diagram showing a display device including circuitry according to an eighth embodiment 
of the present invention; 

Fig. 54 is a table showing set voltages calculated by prevtously-considered equations; 
Fig. 55 is a view showing a relationship between an average voltage and brightness according to a pre- 
viously-considered voltage setting; 
Fig. 56 is a view showing the voltage setting of Fig, 55; 

Fig. 57A and 578 is a view explaining problems of the voltage setting of Fig. 55; 

Fig. 58 is a table showing set voltages calculated by equations pertaining to an embodiment of the present 
invention; 

Fig. 59 is a view showing a relationship between an average voltage and brightness according to a voltage 
setting of the embodiment; 

Fig. 60 is a view showing the voltage setting of the embodiment; 

Fig. 61 is a block diagram showing a display device including circuitry according to a ninth embodiment of 
the present invention; 

Fig. 62A to 62D are diagrams showing driving waveforms of liquid aystal cells in the ninth embodiment* 
and 

Figs. 63A and 638 are views showing examples of voltage wavefonns between adjacent cells. 

Figures 1 through 15F are views showing a liquid crystal display unit according to a first embodiment of 
the present invention, in which Figs. 1 A and 1 8 are a block diagram showing a general arrangement of the first 
embodiment. The annangement of the first embodiment will be explained at first. 

In Figs. 1 A and 1 B, the liquid crystal display unit 1 of the first embodiment basically comprises a pixel select- 
ing part 2, a data signal generating part 3, a voltage applying part 4, a liquid crystal display part 5. and a timing 
signal generating portion 6. This embodiment is an example that realizes four gray-scale levels using a data 
driver for two gray-scale levels. The pixel selecting part 2 involves a scan driver 7. and data drivers 8. The data 
signal generating part 3 involves an A/D conversion portion 9. a data conversion portion 10, a first parallel con- 
version portion 1 1 . a second parallel conversion portion 12, a first-field frame memory 13, a second-field frame 
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memory 14. and a display data switching portion 15. The voltage applying part 4 involves a first-frame liquid 
crystal driving source 16 serving as a voltage applying portion, a second-frame liquid crystal driving source 17 
serving as the voltage applying portion, a driving source switching portion 18, and a common voltage source 
portion 21. The liquid crystal display part 5 involves a liquid crystal display panel 19. 

5 Figure 2 shows a detailed construction of the liquid crystal display panel 19. The liquid crystal display panel 

1 9 involves 480 scan lines connected to the scan driver 7 respectively, 320 data lines for each of RGB elements 
connected to the upper data driver 8 and 320 data lines for each of RGB elements connected to the lower data 
driver 8. A thin film transistor (TFT) Q is provided close to every crossing point of each scan line and data line 
with its gate connected to the scan line, source connected to the data line, and drain connected to a liquid crystal 

10 element. And as shown by dotted tine, three liquid crystal elements of R, G. and B form one pixel P. Accordingly, 
the liquid crystal display panel 19 is a TFT active matrix liquid crystal display panel. 

Numeral 20 denotes a personal computer serving as an external device for providing data to be displayed 
on the liquid crystal display unit 1 . The personal computer 20 provides the liquid crystal display unit 1 with analog 
RGB signals and synchronous signals through an analog RGB Interface. In this embodiment, the data drivers 

15 8 are for STN type liquid crystal, so that the digital data for each of R, G, and B requires only one bit. 

The timing signal generating portion 6 generates timing signals necessary for predetemnined processes 
according to the synchronous signals, i.e., horizontal and vertical synchronous signals provided by the personal 
computer 20. For example, timing signals generated by the timing signal generating portion 6, a scan driver 
signal, a data driver signal, and a field signal. 

20 The A/D conversion portion 9 digitizes the analog RGB signals provided by the personal computer 20, i.e., 

quantizes colors R, G, and B each with two bits. The A/D conversion portion 9 divides the digitized signal into 
two and outputs them separately as one bit signal for each R, G, and B to the data conversion portion 10. 

The data conversion portion 1 0 converts digital display data provided by the A/D conversion portion 9 
depending on a driving method. 

25 The first and second parallel conversion portions 11 and 12 each convert a parallel RGB signal of three 

bits for colors R, G, and B provided by the data conversion portion 10 into a parallel 16-bit image signal. 

The first and second field frame memories 13 and 14 each have a capacity of about one megabit (640 x 
480 X 3 = 900 kilobits). Figure 3 shows a detailed construction of the first field frame memory 13. The first field 
frame memory includes a three-state buffer 131 and a input/output (I/O) memory 1 32. The data from the parallel 

30 conversion portion 11 is written In the I/O memory 132 by the three-state buffer 131 when an output enable 
signal OE is at a high level and the written data Is read out from the I/O memory 132 when the output enable 
signal OE is at a low level. At this write/read operation, reading speed of the data from the first frame memory 
13 is twice as fast as the writing speed of the data to the first frame memory 1 3 in this embodiment The reading 
speed of the data is twice as fast as the writing speed to reduce flickering. 

35 Figures 4A includes timing charts explaining relations among a vertical synchronizing signal VSYNC, a hori- 

zontal synchronizing signal HSYNC, a double speed vertical synchronizing signal WVSYNC, and a double 
speed horizontal synchronizing signal WHSYNC under the condition that the static RAM is used as the frame 
memory. As shown in Fig. 4A. 525 horizontal synchronizing signals are included in one firame. Double speed 
scanning can be realized by transmitting two scan lines of image data to the data driver in one horizontal scan- 

40 ning period by using the frame memory. For example, the double speed scanning can be realized by writing 
an image data in the horizontal synchronizing period 2H of the present frame to the ft^me memory and reading 
Image data in the horizontal synchronizing periods 4H and 5H in a preceeding frame from the frame memory 
and transmitting the same to the data driver simultaneously. 

Figures 4B includes timing charts showing one horizontal synchronizing period 2H in Fig. 4A the time-scale 

45 of which is magnified. In Fig. 4B, HSYNC denotes a horizontal synchronizing signal. WADD denotes a write 
address, RADD denotes a read address. OE denotes an output enable signal, and WE denotes a write enable 
signal. Hereinafter, an explanation will be given as 200 groups of series-parallel converted image data (16 bit) 
are included in one horizontal scanning period. The frame memory becomes a write mode when the output 
enable signal OE is at a high level, and during this mode, data is written in the frame memory at the rise up of 

50 the write enable signal WE. Further, the frame memory becomes read mode when the output enable signal 
OE is at a low level, and during this mode, data is output in accordance with the address. At this operation, to 
avoid the collision of write data and read data, it is necessary to provide a three-state buffer in the data bus 
line. The output enable signal OE can be used as the control signal of the three-state buffer, so that the output 
of the three-state buffer has a high impedance when the output enable signal OE is at a low level. Furthermore. 

55 the output enable signal OE can also be used for switching the write address and the read address, and the 
write address is selected when the output enable signal OE is at a high level and the read address is selected 
when the output enable signal OE is low level. . 

Now in Fig. 4B, a first group of data signals in the horizontal synchronizing period 2H is applied to the three- 

5 
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State buffer and the output enable signal OE is at a high level, so that data is written to the frame memory at 
the rise of the write enable signal WE. After that, when the output enable signal OE is at a low level, data accord- 
ing to the write address is output from the frame memory and it is taken into the data driver at the rise of the 
latch signal LATCH. The read address has set in order such that the first and the second groups of data signals 
in the preceeding horizontal synchronizing period 4H are output at this time. In this way, an image data of one 
line can be read in a half time of one horizontal scanning period. Namely, the image data of one display panel 
(= the image data of one frame) can be displayed in a half time of one frame. 

The display data switching portion 15 switches display data stored in the first and second field frame 
memories 13 and 14 from one to another, and provides data for one frame to the data drivers 8. These data 
signals are used to select the data voltage applied to the data drivers 8 and will be explained hereinafter. 

Each of the first and second frame liquid crystal driving sources 16 and 17 generates voltages for driving 
liquid crystal cells. According to this embodiment, the first frame liquid crystal driving source 16 provides V1 = 
14 (V), V2 = 10 (V), V3 = 6 (V), and V4 = 2 (V), while the second frame liquid crystal driving source 1 7 provides 
VI = 12 (V), V2 = 10 (V), V3 = 6 (V), and V4 = 4 (V). Though a common voltage level for above-described vol- 
tages is 8 (V), it is set to 7 (V) by the common voltage source portion 21 since a source potential changes by 
about -1 (V) due to parasitic capacitance. 

The driving source switching portion 18 switches the first and second frame liquid crystal driving sources 
16 and 17 from one to another. The data voltages applied to the data drivers 8 from the first or second frame 
liquid crystal driving sources 16 and 17 are selected by data signal input to the data drivers 8 from the display 
data switching portion 15. In other words, the data signal works as a data voltage selecting signal in the data 
drivers 8. 

Figure 5 explains a principle of assigning multiple gray-scale levels whose number is greater than the 
maximum number of gray-scale levels achievable by an employed data driver. For example, a data driver for 
STN type liquid crystal that is able to simultaneously provide two voltage levels is employed to display 64 colors 
with 4 gray-scale levels. 

First, an image of one frame is written in the first and second field frame memories 13 and 14 and read at 
a speed two times the write speed (double speed scanning), to divide the one frame into first and second fields 
as shown in Fig. 6. A gray-scale level 1 shown in Figs. 7A to 7D. for example, is realized by applying a voltage 
of 2 (V) to each of the first and second fields to produce a mean effective voltage of 2 (V) for the one frame. 
This mean effective voltage is shown by hatching in Figs. 7A to 7D. A gray-scale level 2 is realized by applying 
2 (V) to the first field and 4 (V) to the second field to produce a mean effective voltage of 3 (V) for the one frame. 
To realize an gray-scale level 3. 6 (V) is applied to the first field and 2 (V) to the second field to produce a mean 
effective voltage of 4 (V) for the one frame. To realize an gray-scale level 4, 6 (V) is applied to the first field 
and 4 (V) to the second fields to produce a mean effective voltage of 5 (V) for the one frame. 

In this way. different voltage levels are applied to the first and second fields, respectively, and differences 
in mean effective voltages occurring in individual frames can realize more gray-scale levels than the gray-scale 
levels realized by applied data voltages. Namely, an intermediate gray-scale level between two gray-scale 
levels due to two applied voltages can be realized by the mean effective voltage only. 

Figures 8A and 8B through 1 1 A and 1 1 B show examples of driving waveforms for respective fields accord- 
ing to the ennbodiment. For the sake of easy understanding. Figs. 8A and 88 through 11A and 11B will be exp- 
lained with reference to Figs. 12A to 12F through 15A to 15F indicating the vertical synchronization, the data 
voltages, flickering, and synchronized flickering respectively. The value of the data voltages in Figs 12B and 
12D through 15B and 15D is the voltage difference between the data voltage and the common voltage of 8 (V) 
in Figs. 8A and 88 through 1 1A and 11B. 

For example, the data voltage V4 is 6 (V) in Figs. 8A and 88 through 1 1 A and 118, but 2 (V) in Figs 128 
and 12D through 158 and 1 5D since the difference between the data voltage of 6 (V) and the common voltage 
of 8 (V) in Figs. 8A and 88 through 1 1 A and 1 1 8 is 2 (V). 

In Figs. 8A and 88, two sets of voltage levels are prepared and applied to the fields, respectively. For 
example, in Figs. 128 and 12D. which are corresponding to Figs. 8A and 88. the gray-scale level 2 as shown 
in Fig. 78 is realized by applying voltages V4 {=2(V)) and V3 (=2(V)) to the first field, and voltages V2 (=4(V)) 
and VI (=4(V)) to the second field. In adjacent liquki crystal cells, white and black are repeatedly displayed 
with the same flickering phase. Namely, the frequency of the synthesized flickering becomes 60 Hz, which is 
equal to the flickering frequency of each liquid crystal cell. 

Figures 9A and 98 show examples of driving waveforms whrch are obtained by changing the combination 
of the voltage levels of Figs. 8A and 88. As shown in Figs. 138 and 13D which are corresponding to Figs. 9A 
and 98, the gray-scale level 2 is realized by applying voltages V4 and VI to the first field, and V2 and V3 to 
the second field. Also, voltages V3 and V2 are applied to a first field of another frame, and VI and V4 to a second 
field thereof. White and black are repeatedly displayed in adjacent liquid crystal cells with flickering phases 
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being different from each other by 180 degrees. 

The frequency of synthesized flickering will be 120 Hz, so that the flickering beconnes inconspicuous com- 
pared with that of Figs. 12B and 12D. 

Figures 10A and 10B show examples of driving wavefomis obtainable by changing the phase of the voltage 
5 levels of Figs. 8A and SB. As shown in Figs. 14B and 14D which are corresponding to Figs. 10A and 10B, the 
gray-scale level 2 is realized by applying voltages V4 and V2 to the first field, and V2 and V3 to the second ^ 
field. Also, voltages V3 and VI are applied to a first field of another frame, and V1 and V4 to a second field 
thereof. Similar to Figs. 13B and 13D, white and black are repeatedly displayed in adjacent liquid crystal cells 
with the phases of flickering being different from each other by 180 degrees. Accordingly, the frequency of syn- 
10 thesized flickering will be 120 Hz. 

This may make the flickering more inconspicuous compared with that of Figs. 12B and 12D. 

Figures 1 1 A and 1 1 B shows examples of driving wavefonms which are obtainable by changing the combi- 
nation and phase of the voltage levels of Figs. 8A and 8B. As shown in Figs. 15B and 15D which are covre- 
spending to Figs. 11A and 11B, the gray-scale level 2 is realized by applying voltages V4 and V4 to the first 
15 field, and V2 and VI to the second field. Also, voltages V3 and V3 are applied to a first field of another frame, 
and VI and V2 to a second field thereof. Similar to Figs. 12B and 12D, white and black are repeatedly displayed 
in adjacent liquid crystal cells with the same flickering phase. 

The frequency of synthesized flickering will be 60 Hz, which is equal to the flickering frequency of each 
liquid crystal cell. 

20 Figures 16A through 18 are views showing a liquid crystal display unit according to a second embodiment 

of the present invention, in which Figs. 16A and 16B are a block diagram showing a general arrangement of 
the embodiment. 

In Figs. 16A and 16B, the same reference numerals as those of the first embodiment of Figs. 1A and IB 
represent the same parts. In this embodiment, the voltage applying part 4 comprises a liquid crystal driving 

25 power source 22 and a common voltage source portion 21 . Numeral 23 denotes a three-state inverter, which 
inverts display data for every frame or line. 

Figures 17A to 1 7D explain a principle of assigning multiple gray-scale levels whose number is greater than 
the nnaximum number of gray-scale levels achievable by a data driver employed. For example, a data driver 
for STN type liquid crystal that is able to simultaneously provide two voltage levels is employed to display 64 

30 colors with 4 gray-scale levels. 

First, similar to the first embodiment an image of one frame is once written in first and second field frame 
memories 13 and 14, and read therefirom at a speed of two times the write speed (double speed scanning) as 
shown in Fig. 8, to divide one frame into first and second fields. As shown in Figs. 17A to 17D, an gray-scale 
level 1 , for example, is realized by applying 1 .5 (V) to the first field and 2.5 (V) to the second field, to produce 

35 a mean effective voltage of 2 (V) for the one firame. This mean effective voltage is shown by hatching in Figs. 
17A to 17D. An gray-scale level 2 is realized by applying 1 .5 (V) to the first field and 4.5 (V) to the second field, 
to produce a mean effective voltage of 3 (V) for the one frame. An gray-scale level 3 is realized by applying 
5.5 (V) to the first field and 2.5 (V) to the second field, to produce a mean effective voltage of 4 (V) for the one 
frame. An gray-scale level 4 is realized by applying 5.5 (V) to the first field and 4.5 (V) to the second field, to 

40 produce a mean effective voltage of 5 (V) for the one frame. 

Here, the voltage levels for realizing the gray-scale level 1 in a positive frame are equal to those for realizing 
the gray-scale level 4 in a negative frame. 

Similariy, the voltage levels for realizing the gray-scale level 1 in a negative frame are equal to those for 
realizing the gray-scale level 4 in a positive frame. The voltage levels for realizing the gray-scale level 2 in a 

45 positive franrw are equal to those for realizing the gray-scale level 3 in a negative frame. The voltage levels for 
realizing the gray-scale level 2 in a negative fi^me are equal to those for realizing the gray-scale level 3 in a 
positive frame. 

Namely, only four kinds of voltage levels VI , V2, V3, and V4 are required in this embodiment to realize the 
same gray-scale levels in the first embodiment In this embodiment common voltage level is inverted by the 

50 common voltage source portion 21 and display data is inverted by the three-state inverter 23 for every frame 
or line to utilize a small number of the voltage levels for applying different voltage levels to the first and second 
fields of each frame, respectively. As a result gray-scale levels are assigned according to differences in the 
mean effective voltages in respective frames. 

Figure 18 shows an example of a driving wavefonm in each field according to this embodiment In Fig. 18. 

55 the liquid crystal driving source 22 provide voltages of VI = 6.5 (V), V2 = 3.5 (V). V3 = 2.5 (V), and V4 = 5.5 
(V). Since a change (about -1 (V)) occurs in a source potential due to parasitic capacitance, the common voltage 
levels are set to 7 (V) and 0 (V). An OFF voltage of a gate pulse of the three-state inverter 23 is -10 (V), and 
an ON voltage thereof 15 (V). 
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Figure 19 shows a comparison example of a driving waveform in each field according to the first embodi- 
ment wherein the common voltage level is constant. As shown in Fig. 19, voltages of VI = 13.5 (V), V2 = 10.5 
(V). V3 = 9.5 (V). and V4 = 12.5 (V) are further required for the liquid crystal driving source 22 other than the 
voltages required in Fig. 18. 

5 Because of the inversion of the common voltage level, the voltage applying part 4 in the liquid crystal display 

unit of this embodiment is simpler than that of the liquid crystal display unit in the first embodiment. 

Figures 20A through 27 are views showing a liquid crystal display unit according to a third embodiment of 
the present invention, in which Figs. 20A and 20B are a block diagram showing a general an-angement of the 
embodiment. In Figs. 20A and 208, the same reference numerals as those shown In the first embodiment of 

10 Figs, 1A and IB represent the same parts. Accordingly, there are a pixel selecting part 2 having a scan driver 
7 and a data driver 8; a data signal generating part 3 having an A/D conversion portion 9, a data conversion 
portion 10, a first field frame memory 1 3. a second-field frame memory 14, and a display data switching portion 
15; a voltage applying part 4 having a first frame liquid crystal driving source 16, a second frame liquid crystal 
driving source 17, and a switching circuit 18; a liquid crystal display part 5 having a liquid crystal display panel 

15 19; and a timing signal generating portion 6 in Figs. 20A and 20B, but a common voltage source portion is omit- 
ted. 

A data conversion portion 10 of this embodiment uses, for example, a conversion table stored in a ROM 
(Read Only Memory) to swap predetemiined gray-scale levels with one another according to digital input display 
data corresponding to gray-scale levels. When multiple gray-scale levels are assigned with combinations of 
20 multiple voltage levels as achieved in the first and second embodiments, a problem occurs that gray-scale level 
characteristics shift. 

Figures 21 A and 21 B show a result of measurement of characteristics of 64 gray-scale levels assigned 
with use of an eight-value digital driver ( a digital data driver for eight gray-scale levels). Figure 22 shows a 
part of the eight-value digital driver 88 having a decoder circuit 881 , eight analog switches 882. and eight data 

25 voltage lines 883 to which eight power source voltage VI to V8 are applied. Normally, this eightvalue digital 
driver 88 can realize eight gray-scale levels by switching ON one of the analog switches 882 in accordance 
with eight kinds of digital input signals. But when this eight-value digital driver 88 is installed in the circuit in 
Fig. 20. it can output 64 gray-scale levels. As shown in Figs. 21 A and 21B. shifts in the gray-scale levels are 
observed at positions over a gray-scale level 32. At these positions, the order of brightness is inverted. 

30 This is caused because, as shown in Fig. 23, T-V (Transmissivity-Voltage) characteristics of liquid crystal 

are nonlinear especially in the high field voltage part. Due to this nonlinearity, a transmissivity Ta which is an 
average of transmissivities T1 and T2 obtainable from field voltages VF1 and VF2 is different from a actual 
transmissivity Tv obtainable from an average voltage VFm = (VF1 + VF2) / 2. 

Accordingly, this embodiment rearranges the order of shifted gray-scale levels to provide nonrtal gray-scale 

35 level characteristics. A principle of this will be explained with reference to Figs. 24 and 25, for the case of 4 
values X 4 values = 16 gray-scale levels. 

Figure 24 shows T-V characteristics of liquid crystal display panel 1 9 in Fig. 20 using the normal data signal. 
In Fig. 24. it is dear that gray-scale levels 12 and 13 are shifted from nomial positions. Accordingly, normal 
gray-scale levels are obtained by swapping input data for the gray-scale levels 12 and 13 with each other in 

40 this embodintent 

Concretely, as shown in Fig. 26, input data [101 1] for the gray-scale level 1 2 and input data [1 100] for the 
gray-scale level 13 are switched into [11 00] for the gray-scale level 12 and [101 1] for the gray-scale level 1 3. 
In this way, the gray-scale levels are swapped with each other to prevent the shift. 

Figure 27 shows an example of a driving wavefonm of this embodiment showing the field voltages of VF1 
45 and VF2 to obtain gray-scale levels shown in Fig. 25. 

Figures 28A and 29 are views showing a liquid crystal display unit according to a fourth embodiment of 
the present inventton. in which Figs. 28A and 28B is a block diagram showing a general arrangement of this 
embodiment. In Figs. 28A and 28B. the same reference numerals as those shown in the third embodiment of 
Figs 20A and 28B denote the same parts. 
50 The liquid crystal display unit 1 of the third embodiment carries out the double speed scanning in displaying 
an image, while the liquid crystal display unit 1 of this embodiment does not canry out the same. Accordingly, 
the difference between the third embodiment and the fourth embodiment is that the display unit 1 of this embo- 
diment is not provided with the first and second field frame memories 13 and 14 of the third embodiment of 
Fig. 20. 

55 As a result, a driving waveform shown in Fig. 29 of this embodiment is twice as long, along a temporal axis, 

as the driving waveform of Fig, 27, so that this embodiment is slightly disadvantageous in terms of flickering 
but requires no frame memories. 

Figures 30 through 39 are views showing a liquid crystal display unit according to a fifth embodiment of 
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the present invention, in which Fig. 30 is a block diagram showing a general arrangement of the embodiment. 
In Fig. 30. the same reference numerals as those shown in the third embodiment of Fig. 20 represent the same 
parts. 

The liquid crystal display unit 1 of this embodiment has substantially the same arrangement as that of the 
5 third embodiment shown in Fig. 20 except that the data conversion portion 10 is not provided for this embodi- 
ment 

To deal with the problem that gray-scale level characteristics shift when multiple gray-scale levels are assig- 
ned with combinations of multi-valued voltage levels, this embodiment divides, as shown in Fig. 31 , a range of 
applied voltage levels into a plurality (for example, four in this embodiment) of sections according to T-V charac- 
10 teristics of liquid crystal, and in each of the sect ions, carries out a field voltage selection. 

Namely, by dividing the range of applied voltage levels into sections, non-linearity of the T-V characteristics 
is relaxed and tinearty con-ected In each of the sections, thereby correcting a deviation between an actual trans- 
missivity and a transmissivity obtained from a mean voltage, and realizing normal gray-scale level character- 
istics. 

15 Figures 32A and 32B shows a result of a measurement of gray-scale level characteristics over a whole 
range of applied voltage levels divided into four sections each involving four voltage levels to assign 4 values 
X 4 values = 16 gray-scale levels. 

Figure 33 shows a concrete example of a T-V characteristic curve of liquid crystal. In this case. 2(V) cor- 
responds to a white level, i.e., a gray-scale level 0, and 5.15 (V) corresponds to a black level, i.e., a gray-scale 

20 level 63. 

Figure 34 shows gray-scale levels, digital input signals, and combinations of first and second field voltages 
VF1 and VF2 in assigning about 260,000 colors with 64 gray-scale levels with use of a 16-value data driver 8 
and field voltage modulation with four divided sections. 

Figure 35 shows an example of a driving voltage wavefomi according to this embodiment. In the figure, 
25 VF1 denotes a voltage of a first field in a positive frame, VF2 denotes a voltage of a second field in the positive 
frame, -VF1 denotes a voltage of a first field in a negative frame, and -VF2 denotes a voltage of a second field 
in the negative frame. Each voltage VF1, VF2. -VF1. and •VF2 involves data voltages shows as follows: 



+VF1(2.0, 2 


.1, 


2. 


2, 


2.3, 


2.8, 


2 . 


9, 


3.0, 3 


.1, 








3.6, 3 


.7, 


3. 


8, 


3.9, 


4.4, 


4 . 


5, 


4.6, 4 


.7 ) 








+VF2(2.0, 2 


.4, 


2. 


8, 


3.2, 


3.6, 


4 . 


0, 


3.6, 4 


.0, 








4.4, 4 


.8, 


4. 


4 , 


4.8, 


5.2, 


5. 


6) 












-VFl(-2.0 , 


-2. 


1, 


-2 


.2, - 


2.3, 


-2 . 


8, 


-2.9, 


-3 . 


0, 


-3 


.1, 


-3.6, 


-3. 


7, 


-3 


.8, - 


3.9, 


-4 . 


.4, 


-4.5, 


-4 . 


6, 


-4 


.7 ) 


-VF2 (-2 . 0 , 


-2 . 


4. 


-2 


.8, - 


3.2, 


-3 , 


.6, 


-4.0, 


-3 . 


6, 


-4 


.0, 


-4.4, 


-4. 


8, 


-4 


.4, - 


4.8, 


-5, 


.2, 


-5.6) . 











These voltages are switched from one to another and provided to the data driver 8. Among voltages pro- 
vided by the data drivers, a voltage level corresponding to input data is selected and provided to drive a liquid 
crystal display panel 19. Here, one frame corresponds to 16.7 ms, and a field period is 8.4 ms. With these con- 

45 ditions. the double speed scanning is canried out 

Figures 36A and 36B through 39A and 39B are views showing driving wavefonms in individual fields accord- 
ing to this embodiment As explained with reference to Figs. 8A and 8B through 11 A and 1 1B. combinations 
of voltage levels and/or voltage level wavefonms having different phases are applied to adjacent liquid crystal 
pixels, thereby reducing flickering due to fluctuattons in transmissivity of a liquid crystal. 

50 In Figs. 36A and 36B. two sets of voltage levels are prepared and applied to each field, respectively, in 
Figs. 37A and 37B changing the combinations of the voltage levels of Figs. 36A and 36B is carried out. in Figs. 
38A and 38B changing the phase of the voltage levels of Figs. 36A and 36B is carried out and in Figs, 39A 
and 398 changing the combination and phase of the voltage levels of Figs. 36A and 36B is earned out. 
Figures 40A and 41 are views showing a liquid crystal display unit according to a sbcth embodiment of the 

55 present invention, in which Figs. 40A and 40B are a block diagram showing a general an^ngement of the embo- 
diment In Figs. 40A and 408, the same numerals as those of the fifth embodiment of Fig. 30 denote the same 
parts. 

The Ik^ukj crystal display unit 1 of the fifth embodiment carries out the double speed scanning, while the 

9 



SNSOOCtO: <EP 04841 59A2J.> 



EP 0 484 159 A2 



liquid crystal display unit 1 of this embodiment does not carry out the same so that the first and second field 
frame memories 13 and 14 of the fifth emlwdiment of Fig. 30 are not piBvided for this embodiment 

Compared with the driving waveform shown in Fig. 35. a driving waveform of this embodiment shown in 
Fig. 41 IS twice as long, along a temporal axis so that this embodiment is slightly disadvantageous in temis of 

5 flickering but advantageous in eliminating the firame memories. 

Figures 42A through 52 are views showing a liquid crystal display unit according to a seventh embodiment 
of the present invention, in which Figs. 42A and 42B is a block diagram showing the embodiment serving as 
a circuit for assigning 16 gray-scale levels with the use of an 8-gray-scale-level driver. Though this embodiment 
does not carry out double speed scanning, it can realize elimination of frame memories and suppression of 

10 flickering of 30 Hz. 

In Figs. 42A and 42B. an A/D conversion portion 9 converts each of RGB data from a personal computer 
20 into data of four bits (DO to D3) corresponding to 16 gray-scale levels. Thereafter, a data conversion porton 
10 converts the data into data of three bits ('DO to •D2) for first and second fields, and according to the data 
of three bits, the data driver 8 selects eight-Jevel power source voltages (*V1 to *V8) for assigning 1 6 qrav-scale 
rs levels. 

Figure 43 is a table showing a relationship between input and output data of the data conversion portion 
10 and Fig. 44 is a table showing a relationship between input data (gray-scale levels) of the data conversion 
portion 1 0. selected power source voltages, and mean output voltages. These relations may be expressed for 
example, as a conversion table written in a ROM (not shown). 

20 In Fig. 44. for example, input data for a gray-scale level 1 are all zeroes by which VFl is selected for both 
a first field voltage VFl and a second field voltage VF2 and a mean voltage will be (V1+V1)/2=V1. Further 
input data for a gray-scale level 4 are [001 1]. and the first and second field voltages VFl and VF2 are V2 and 
V3, respectively, so that a mean voltage will be (V2+V3)/2. Furthemriore. input data for a gray-scale level 16 
are all Is. and the first and second field voltages VFl and VF2 are V8 and V9. respectively, so that a mean 

25 voltage will be (V8+V9)/2. 

Here, the gray-scale level 1 is the brightest level (a white level), and the gray-scale level 16 is the darkest 
level (a black level). As shown in Fig. 45, a voltage difference between VFl and VF2 is set to be smaller than 
a predetemiined voltage (preferably 0.5 (V)) except for the gray-scale level 1 5 on the black level side. This is 
realized by setting the voltages VI through V9 as, for example, 2.0 (V), 2.4 (V). 2.8. (V) 32 M 3&m 4 0 

30 (V). 4.4 (V). 4.8 (V). and 5.2 (V). (Refer to Fig. 46.) V • t 4.u 

As shown in Figs. 47A and 47B, the 30 Hz flickering is observed when different voltages are applied to 
fields, respectively, and when polarity is inverted in adjacent frames. The 30 Hz flickering may be solved by 
carrying out the double speed scanning with the use of frame memories to double the frequency of flickering 
to 60 Hz. This method, however, requires a memory to be provided for each frame, thereby increasing the cost 

35 and scale of a circuit. 

To deal with this, inventors of the present invention have considered a relationship between a voltage dif- 
ference between fields and an optical response frequency, and repeatedly conducted tests. As a result the 
inventors have found a range (aflickeriess range) below a predetermined voltage difference where the flickering 
is not conspicuous. 

40 A hatched portran in Fig. 48 indicates the flickeriess range. This range coiresponds to a voltage difference 
of about 0.5 (V) or smaller between the first and second fields (or a difference of about 1 - 3 % or smaller in 
tentns of fltekering rate). This means that, if combinations of voltages to be applied for a plurality of fields are 
detenrined such that a voltage difference between the applied voltages is less than the predetermined voltage 
difference (namely, if a difference between VFl and VF2 is set to be less than 0. 5 (V)) on at least the white 
45 level side, the 30 Hz flickering will be inconspicuous. 

Further, as shown in Fig. 49A. according to this embodiment, combinations of first field voltage VFl and 
second field voltage VF2 are applied to adjacent liquid crystal cells, respectively, and also, voltage polarities 
differ from each other between the cells. Figs. 49B to 49F show response wavefonns of the adjacent liquid crys- 
tal cells shown in Fig. 49A. By applying the field voltage like this, different optical response waveforms may 
scatter over the surface unifomily, thereby more effectively suppressing the flickering between the cells. 

In this way. this embodiment inverts the polarities of voltages applied to adjacent cells, to differ the flickering 
phases of the adjacent cells by 180 degrees. This doubles a flickering frequency to 60 Hz in terms of surface 
average, thereby suppressing the 30 Hz flickering. In addition, a difference in field voltages in one frame is less 
than 0.5 (V) to surely suppress the 30 Hz flickering. 

In this embodiment a voltage difference of a gray-scale level 15 is 0.8 (V). which exceeds the preferable 
voltage difference (0.5 (V)). This causes no actual problem because the gray-scale level 1 5 is on the black level 
side where the flickering is inconspicuous. 

Voltage wavefomis between adjacent cells are not limited to the above examples but may be as those 



so 
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Shown in Figs. 50 through 52. In Fig. 50, the combination and polarity of VFI and VF2 are changed in a hori- 
zontal direction (data line direction: m, m+1), while the polarity of voltages is changed in a vertical direction 
(scan line direction: n,n+1). In Fig. 51 , the polarity of voltages is changed In the horizontal direction (data line 
direction: rx\, m+1), and connbinations of VF1 and VF2 are changed in the vertical direction (scan line direction: 

5 n, n+1). In Fig. 52 combinations of VF1 and VF2 are changed in the horizontal direction (data line direction: m. 
m+1), and the polarity of voltages is changed in the vertical direction (scan line direction: n, n+1). 

In any of the examples, the flickering frequency may be doubled to 60 Hz in tenms of surface average, 
thereby suppressing the 30 Hz flickering. 

Figures 53A to 58 are views showing a liquid crystal display unit according to an eighth embodiment of the 

10 present invention, in which Figs. 53A and 53B is a block diagram showing a general arrangement of the embo- 
diment serving as a circuit for assigning 16 gray-scale levels with the use of an 8-gray-scale-levet driver. 

To assign 64 gray-scale levels with a digital driver IC of 16 gray-scale levels in the previous embodiments, 
arrangement of voltages for changing transmissivities is divided into four sections as shown in Fig. 31 , and 16 
voltage levels are prepared for each of the first and second fields. The 16 voltage levels are separated into 

15 four groups corresponding to the four sections. 

At this time, to equally distance mean values of combined voltages each involving two voltage levels from 
one another, the following equations have previously been considered: 

Vim' = Vmin + (Vmax - Vmin) x 2m/(n - 1) (1) 
V2m' = Vmin + (Vmax - Vmin) x 2mnV(n - 1 ) (2) 

20 where Vmin is a minimum voltage in each section, Vmax a maximum voltage in each section, n the number of 

gray-scale levels in each section, and m being 0, 1 n/2-1. Figure 54 shows voltages set according to the 

equations (1) and (2). Namely, for each field, the voltages are separated into the first group, second group, 
and so on in the descending order, and voltages in the same group for the two fields are combined with one 
another. Accordingly, combinations in each group form 4x4 = 16 voltages, and the four groups provide 64 

25 voltages, i.e., 64 gray-scale levels in total. 

Figures 55 and 56 show a relationship between a gray-scale level and brightness according to the above 
voltage sets. As is apparent in the figures, gray-scale levels are swapped with one another in a low brightness 
regk)n. and in a high brightness region, a difference between gray-scale levels is narrowed although there is 
no swapping of gray-scale levels in the high brightness region. 

30 In Figs. 57A and 57B which show a relationship between a change in brightness and a voltage difference, 

the above phenomenon is conspicuous as the voltage difference becomes larger. If this happens, input anage 
data nr«y not be correctly regenerated. The previously explained Fig. 23 shows causes of this sort of swapping 
of gray-scale levels and narrowed gray-scale levels. The brightness-voltage characteristics of a liquid crystal 
panel are not linear, and the brightness changes according to voltages in each field. If a difference between 

35 two voltages combined is too large, the brightness obtained will not be proportional to an average of the voltages 
but an average of brightness values obtained by the voltages respectively ,so that the brightness obtained devi- 
ates from required brightness. 

For example, the swapping of gray-scale levels or the narrowed gray-scale level differences may occur 
around a boundary where, on the one side of the boundary, a required brightness level is obtained according 

40 to a combination of the same voltages, and on the other side of the boundary, an obtained brightness level 
greatly deviates from a required brightness due to a combination of greatly differing voltages. 

This embodiment intends to suppress this sort of deterioration of display quality. In Figs. 53 A and 53B, nunrv 
eral 30 denotes a write address counter. 31 a read address counter. 32 an address switching circuit. 33 a fi^me 
memory, INV1 and INV2 inverters, AND1 through AND4 AND gates, and NAND1 and NAND2 NAND gates. 

45 With this arrangement, a first frame liquid crystal driving source 16 and a second frame liquid crystal driving 
source 17 generate, according to an idea of voltage setting of this embodiment first field voltages VFI (16 
levels) and second field voltages VF2 (16 levels), respectively, A timing signal generating portion 6 sequentially 
doubles a vertical synchronous signal VSYNC to provide a signal 1/2 FCLK having a frequency which is twice 
the frame frequency. A driving source switching portion 1 8 is controlled according to the signal 1/2 FCLK, and 

so switches the two sets of voltages according to fields, and provides the selected set to a data driver of 8 of the 
16 gray-scale levels. 

An extemally provided data signal of 6 bits for 64 gray-scale levels is written, according to a timing signal 
W/R for indicating write timing, in the frame memory at an address indicated by the write address counter 30, 
which receives a write address generating dock signal WCLK from the timing signal generating portion 6. The 
55 data are read two times in a period of one frame for one screen data according to a timing signal "W/R indicating 
read timing from a read address indicated by the read address counter 31, which receives a read address 
generating clock signal RCLK from the timing signal generating portion 6. 

At this time, voltages must be selected so that a gray-scale level indicated by the data is realized with two 
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fields. For this purpose, the upper two bits b5 and b4 of the data for each of the first and second fields are pro- 
vided as they are to the upper two bits D3 and D2 of the data driver of 8 of the 16 gray-scale levels. On the 
other hand, among lower four bits of the data, bits b3 and b2 for the first field and bits b1 and bO for the second 
fields are swapped with one another through the data switching circuit and provided to lower two bits D1 and 
5 DO of the data driver of 8 of the 1 6 gray-scale levels. 

A scan driver 7 selects a scan line corresponding to the input data provided to the data driver 8 according ' 
to a clock signal SCLK having a frequency of about twice the frequency of a horizontal synchronous signal 
HSYN externally provided, thereby assigning, and cooperating with the data driver 8, a required gray-scale 
level. 

10 In more detail, as shown in Fig. 58, the same number of voltage levels are set for each of the two fields of 

one frame. Combinations of the voltage levels will fonm a maximum voltage Vmax and a minimum voltage Vmin 
with the number of combinations to be fonned being n. Voltages applied to the two fields are V1m and V2m 

(m being 0, 1 (n1/2-1)), respectively, and set as follows: 

V1m = (Vmax + Vmtn)/2 - (Vmax - Vmin)/(nU 1) + (Vmax - Vmin) x 2m/(n-1) 
'5 V2m = (Vmax + Vmin)/2-(Vmax - Vmin) x (n7(n^ + 1) + (Vmax - Vmin) x 2mx 2 /(n-1) 

With this setting, an average voltage of each of the two voltage groups to be combined together becomes sub- 
stantially identical. As a result, a voltage difference between the maximum and minimum voltages is minimized 
in each group, so that, as shown in Figs. 59 and 60, gray-scale levels will cause no swapping or narrowing, 
thereby improving the quality of an image displayed with multiple gray-scale levels. Bias voltages of -0.025 (V) 
20 and +0.025 (V) have been added to the values. 

In this way. when employing the field voltage modulation method to assign gray-scale levels whose number 
exceeds the number of gray-scale levels controlled by a data driver, this embodiment sets voltages so as to 
minimize a difference in voltages to be switched from one to another. The embodiment therefore, is able to 
display an image with no swapping or narrowing of the gray-scale levels, and correctly assign multiple gray- 
25 scale levels with the use of an inexpensive data driver. 

As mentioned above, according to the embodiments of the invention which canry out the double speed scan- 
ning, gray-scale levels are assigned according to a mean effective voltage of voltage levels applied to fields 
of one frame, respectively, so that inexpensive drivers may be employed to assign multiple gray-scale levels. 
As a result, a high quality multiple gray-scale level assignment is realized at a low cost 
30 Although the above embodiments carry out the double speed scanning by increasing a scan frequency, 

this technique never limits the invention. Alternatively, combinations of voltages may be changed for every 
frame to drive liquid crystal cells. 

Figures 61 to 63B are views showing a liquid crystal display unit according to an ninth embodiment of the 
present invention, in which Fig. 61 is a block diagram showing a general arrangement of the embodiment serv- 
35 ing as a circuit for assigning 64 gray-scale levels with the use of an 8-gray-scale-level driver 8. In Fig. 61 , the 
same numerals as those shown before represent the same parts, and only a power source 4, a timing signal 
generating portion 6, a scan driver 7, data drivers 8, a data conversion portion 10, a liquid crystal display panel 
19, and personal computer 20 are shown. 

Figures 62A to 62D show driving wavefonfns for respective fields according to the ninth embodiment. The 
40 difference between the first embodinnenl to eighth embodiment and this embodiment is the driving waveforms 
to get gray-scale levels. In the fonmer embodiments, a polarity of the applied field voltages are the same in one 
firame, but the polarity of the applied field voltage in this embodiment is altered in every field as shown in Figs 
62A to 62D. 

Further, as shown in Fig. 63A, according to this embodiment combinations of first field voltage and second 
45 field voltage are applied to adjacent liquid crystal cells, respectively, and also, voltage polarities are different 
firom each other between the cells. By applying the field voltage like this, different optical response waveforms 
may scatter over the surface uniformly, thereby more effectively suppressing the flickering between the cells. 
However, when applying field voltages as shown in Fig. 63A, asymmetrical field voltages are applied to the 
liquid crystal as shown in Fig. 63A, thereby generating the residual image on the liquid crystal panel as time 
so goes by. 

For preventing this residual image on the the liquid crystal panel, usually field voltages are applied as shown 
in Fig. 63B wherein the applied field voltage becomes totally symmetrical. In this way, in this embodiment the 
polarities of voltages applied to adjacent cells are inverted, to reduce flickering. 

55 

Claims 

1. An apparatus for controlling data voltage of liquid crystal display unit having a liquid crystal display panel 
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(19), scan driver (7), and a data driver (8) to display an image of one frame composed of a plurality of 
fields, comprising: 

a timing signal generating means for generating at least timing signals for the scan driver (7) and 
the data driver (8), and a timing signal for switching each field; 

a data voltage selecting signal generating means for generating a data voltage selecting signal by 
which data voltages applied on liquid crystal elements become different for each field in accordance with . 
an input data signal and outputting same to the data driver (8) and 

a voltage applying means for generating more data voltage levels than the number of fields of one 
frame, to apply different data voltage levels for each of the fields in accordance with the data voltage select- 
ing signal and outputting the same to the data driver (8) and a comnrran electrode provided in the liquid 
crystal display panel (19); 

the data driver (8) selectively applying a data voltage among the applied voltage levels to the liquid 
crystal element in accordance with the data voltage selecting signal, thereby assigning a gray-scale level 
according to a mean effective voltage of the voltage levels applied to each of the fields of one frame. 

2. An apparatus as set forth in daim 1 , wherein one frame Is fbmned of a first field and a second field; the 
voltage applying means generates voltage levels for the first field and the second field separately; 

the voltage applied to the data driver (8) from the voltage applying means are switched from the 
first field voltage to the second field voltage and vice versa at every field by the timing signal for switching 
the field; and 

a plurality of voltage levels that are relative to an one-value common level are shifted for every frame 
or line such that voltage levels in an odd frame are equal to those in an even frame, and the display data 
is inverted. 

3. An apparatus as set forth in claim 2, wherein the data voltage selecting signal generating means includes 
at least one frame memory (13,14) and 

the reading speed of the data signal from the frame memory (13,14) is faster than the writing speed 
of the data signal to the frame memory (13,14). 

4. An apparatus as set forth In claim 1, wherein one frame Is formed of a first field and a second field; 

the voltage applying means generates a binary common voltage level, and a plurality of voltage 
levels that are relative to the binary conrvnon voltage level Is switched from one to another for every field 
such that an absolute voltage value In a positive frame is equal to that in a negative frame, the common 
voltage level and display data Is Inverted for every frame or line. 

5. An apparatus as set forth in daim 1, wherein the data voltage selecting signal generating means Indudes 
a data conversion table, thereby the voltage levels applied by the voltage applying means are converted 
into preset gray-scale levels with use of a conversion table in order not to generate deviations in the dis- 
played gray-scale levels. 

6. An apparatus as set forth In claim 5, wherein the conversion table comprises a ROM. 

7. An apparatus as set forth in daim 5. wherein the data voltage selecting signal generating means indudes 
at least one frame memory (13,14) and 

the reading speed of the data signal from the frame memory (13,14) is faster than the writing speed 
of the data signal to the frame memory (13,14). 

8. An apparatus as set forth in claim 7, wherein the conversion table comprises a ROM. 

9. An apparatus as setforth In daim 1 , wherein the vdtage applying means generates a plurality of data volt- 
age levels for each of the voltage ranges which are set by dividing the transmlssivity-voltage characteristics 
of the liquid crystal pixels without overlapping; and 

the data voltage selecting signal generating means generates the data voltage selecting signal so 
as to select data voltage levels from each voltage range. 

10. An apparatus as setforth In daim 9, wherein the data voltage selecting signal generating means generates 
the data voltage selecting signal from which the combination of the voltage levels Is changed between 
adjacent pixels. 
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1 1. An apparatus as setforth in daim 9, wherein the data voltage selecting signal generating means generates 
the data voltage selecting signal from which the phase of the voltage levels is changed between adiacent 
pixels. 

12. An apparatus as set forth in daim 9. wherein the data voltage selecting signal generating means generates 
the data voltage selecting signal from which the combination and phase of the voltage levels are chanced 
between adjacent pixels. 

13. An apparatus as set forth in daim 9. wherein the data voltage selecting signal generating means generates 
the data vdtage selecting signal from which the polarity of the voltage levels is changed between adiacent 
pixels. 

14. An apparatus as setforth in daim 9, wherein the data voltage selecting signal generating means indudes 
at least one frame memory (13J4) and 

the reading speed of the data signal from the frame memory (13.14) is faster than the writing speed 
of the data signal to the frame memory (13,14). 



15. 



An apparatus as set forth In daim 14, wherein the data voltage selecting signal generating means gener- 
ates the data vdtage selecting signal from which the combination of the voltage levels is changed between 
20 adjacent pixels. 
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16. An apparatus as set forth in daim 14, wherein the data voltage selecting signal generating means gener- 
ates the data voltage selecting signal from which the phase of the voltage levels is changed between adia- 
cent pixels. ' 

An apparatus as setforth in daim 14, wherein the data voltage selecting signal generating means gener- 
ates the data voltage selecting signal from which the combination and phase of the voltage levels are 
changed between adjacent pixels. 

An apparatus as set forth in daim 14, wherein the data voltage selecting signal generating means gener- 
atBS the data voltage selecting signal from which the polarity of the voltage levels is changed between 
adjacent pixels. 

An apparatus as setforth in daim 1 , wherein the data voltage selecting signal generating means generates 
the data vdtage selecting signal from which a combination of the applied vdtages is determined such that 
a difference between the voltages applied to the fields respectively is below a predetermined value at least 
on the white level side. 

20. An apparatus as set forth in daim 1 . wherein the data voltage selecting signal generating means generates 
the data vdtage selecting signal in order that averages of groups of the voltage levels prepared for a 
plurality of the fields may substantially be equal to one another between the fields, thereby the voltages 
applied to the liquid crystal pixels are set according to transmissivity-vdtage characteristics of the liquid 
crystal pbcels such that transmissivity changes at substantially equal intervals. 

An apparatus as set forth in daim 20, wherein the voltage applying means generates the plurality of data 
voltage levels for each of the voltage ranges which are set by dividing the transmissivity-voltage charac- 
teristics of the liquid crystal pixels without overlapping; and 

the data voltage selecting signal generating means generates the data voltage selecting signal so 
as to select data voltage levels from each vdtage range. 

22. An apparatus as set forth in claim 21 . wherein one frame is formed of two fields, and the same number of 
vdtage levels V1m and V2m (m being 0, 1 (n1/2-1)) are set for the fields, respectively, as fdlows: 

V1m = (Vmax + Vmin)/2 -(Vmax- Vmin)/(nU i) + (Vmax - V min)X 2 m/ (n - 1) 
V2m = (Vmax + Vmin)/2 - (Vmax - Vmin) X n ^ /(nU 1) + (Vmax - Vmin)X 2mX n-'/(n- 1) 
where Vmax is a maximum voltage for a combination of the vdtage levels, Vmin a minimum voltage for 
the combination of the vdtage levels, and n the number of combinations of the voltage levels. 

23. An apparatus as set forth in daim 22, wherein the vdtage applying means generates the plurality of data 
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voltage levels for each of the voltage ranges which are set by dividing the transmissivity- voltage charac- 
teristics of the liquid crystal pixels without overlapping; and 

the data voltage selecting signal generating means generates the data voltage selecting signal so 
as to select data voltage levels from each voltage range. 

24. An apparatus as set forth in claim 1 . wherein one frame is formed of a first field and a second field; 

the voltage applying means generates a binary common voltage level, and a plurality of voltage 
levels that are relative to the binary common voltage level being switched from one to another for every 
field such that an absolute voltage value in a positive frame is equal to that in a negative frame, the common 
voltage level and display data being inverted for every field or line. 

25. Display driving circuitry for connection to a display device to apply thereto drive signals detenmining res- 
pective gray-scale levels of pixels of the display device, which circuitry includes: 

voltage signal source means (16, 17. 18) for providing a plurality of voltage signals (Vi to V4) of 
predetermined respective voltage levels; 

data receiving means (9, 10) for connection to receive items of image data defining an image to be 
displayed; 

voltage signal selecting means (11 to 15) connected to the said data receiving means (9,10) for 
receiving therefrom such items of image data and operable to generate in dependence thereon a first set 
of selecting signals, designating respective voltage signals (Vi to V4) from the said plurality to be applied 
to the said pixels in a first operating cycle of the circuitry, and operable also to generate in dependence 
upon the received items of image data a second set of selecting signals, designating respective voltage 
signals from the plurality to be applied to the said pixels in a second operating cycle of the circuitry com- 
mencing upon termination of the said first operating cycle; and 

voltage signal application means (7, 8) for connection, when the circuitry is in use, to such a display 
device (19) and connected to the said voltage signal source means (16, 17, 18) for receiving therefrom 
the said voltage signals (V^ to V4) and also connected to the said voltage signal selecting means (1 1 to 
15) for receiving therefrom the said selecting signals, which voltage signal application means (7, 8) are 
operable in the said first operating cycle to select one of the said voltage signals, designated by a selecting 
signal of the said first set. and to apply that selected voltage signal to the associated pixel of the display 
device (19), and operable in the said second operating cycle to select a different one of the said voltage 
signals, designated by the corresponding selecting signal of the said second set, and to apply that selected 
voltage signal to the said associated pixel, so that the mean voltage applied to the pixel during the time 
period spanned by the said first and second operating cycles is not equal to any one of the said plurality 
of voltage signals (Vi to V4), whereby the perceived gray-scale level of the pixel during the said time period 
is made different from that which would be produced by applying thereto, throughout the said first and sec- 
ond operating cycles, any one of the said plurality of voltage signals. 
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Fig. I6A 



Fig. 16 
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Fig. 16B 
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Fig. 17A 
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Fig. 20 B 
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